T he overarching term "diabetes mellitus" represents a heterogeneous group of metabolic conditions characterized by hyperglycemia. All of these conditions are underpinned by a combination of various insulin secretory defects and impaired insulin action. According to the American Diabetes Association, 1 diabetes can be broadly classified into four clinical classes: type 1 diabetes, characterized by immune-mediated destruction of the insulin-secreting β cells, which usually leads to absolute insulin deficiency and dependence on exogenous insulin; type 2 diabetes, an undefined polygenic disorder with various degrees of insulin resistance preceding progressive insulin secretory defects; gestational diabetes, diagnosed for the first time during pregnancy; and diabetes due to specific causes other than those noted above. This fourth group remains poorly defined, and atypical forms of diabetes often fall into this "catch-all" category.
Type 2 diabetes accounts for over 90% of cases seen in primary care, 1 and type 1 diabetes accounts for the majority of the rest (between 5%-10% of all cases). 1 However, physicians occasionally encounter individuals with impaired glucose metabolism who are lean, lack markers of insulin resistance or the typical type 2 diabetic dyslipidemic profile, are without hypertension or other typical cardiovascular risk factors, and who are not completely insulin dependent. These patients present a diagnostic challenge.
Diagnosing type 2 diabetes is not usually difficult. Progressive hyperglycemia (usually preceded by a period of glucose intolerance), obesity, insulin resistance and associated car diovascular risk factors are its usual features.
2 Type 1 diabetes is often thought to be a condition of lean adolescents and young adults that may be associated with other autoimmune diseases. More than 80% of patients with type 1 diabetes harbour markers of β cell autoimmunity, including antibodies to glutamic acid decarboxylase and islet antigen-2. 3 At diagnosis, C-peptide levels, indicative of endogenous insulin production, are nearly undetectable, whereas in most individuals with type 2 diabetes, endogenous insulin production is preserved, albeit decreasing, until late in the disease course.
Some individuals are not easily classified as having either type 1 or type 2 diabetes and may have overlapping features of both. Individuals with phenotypic type 2 diabetes do sometimes present with de novo ketoacidosis. Those with phenotypic type 1 diabetes who do well on oral agents or require minimal insulin may also present potential diagnostic confusion. Molecular diagnostic capabilities have confirmed a heterogeneous spectrum of diabetes. It is important to classify these forms accurately because the diagnosis of particular molecular subtypes carries important implications for predicting disease progression, considering the prognosis, making decisions about optimal treatment and possibly counselling the affected individual and family members regarding heritability of the disease 1, 4 We review the approach to making an accurate diagnosis in patients with atypical or "intermediate" forms of diabetes that may masquerade as the common type 1 and type 2 diabetes phenotypes, with particular reference to monogenic diabetes (also referred to as maturity-onset diabetes of the young or MODY), ketosis-prone diabetes and latent autoimmune diabetes of adulthood. Box 1 outlines the evidence used in this review.
of the condition itself has become apparent. Clinicians caring for individuals with diabetes must first acknowledge that "other" forms of diabetes exist, so they can recognize the salient and sometimes subtle clinical features that define a particular phenotype. Although mutations in certain genes correlating with the clinical features of a monogenic diabetes phenotype can be considered diagnostic, in many instances the "atypical" diagnosis is suspected clinically through recognition of a characteristic phenotype that differs from typical type 1 or type 2 diabetes. Table  1 3,5-8 compares the clinical features of type 1 diabetes, type 2 diabetes, hepatocyte nuclear factor 1α (HNF1A) diabetes, ketosis-prone diabetes and latent autoimmune diabetes of adulthood. Box 2 provides a case-based example of how clinical and laboratory features can be used to identify a patient with atypical diabetes.
Monogenic diabetes
Monogenic diabetes or MODY accounts for about 1%-2% of all cases of diabetes. 9 Before the advent of molecular genetic diagnostic testing, this form of diabetes was believed to constitute a form of maturity-onset diabetes (i.e., type 2 diabetes) occurring at an unusually young age. Affected patients lack severe manifestations of absolute insulin deficiency, which distinguishes them from patients with the classic juvenile form of diabetes, now termed type 1 diabetes. 10 This form of diabetes is often mislabelled as "lean" type 2 diabetes.
Monogenic diabetes is a heterogeneous group of disorders involving a variety of single-gene mutations in transcription factors or glycolytic
Box 1: Evidence used in this review
The goal of our review was to provide a practical clinical approach to a heterogeneous group of disorders, while paying particular attention to the more common forms of atypical diabetes that are likely to be encountered in general practice. Therefore, we were interested in articles about monogenic diabetes or maturity-onset diabetes of the young (MODY), in particular HNF1A diabetes (MODY 3), as well as ketosis-prone diabetes and latent autoimmune diabetes of adulthood. We searched MEDLINE (from 1948 to January 2013) and Google Scholar for relevant English-language articles using the following search terms: "atypical diabetes,""monogenic diabetes," "MODY," "HNF1A diabetes," "ketosis-prone diabetes," "latent autoimmune diabetes" and "LADA." We included both primary research articles and pertinent review articles. We also reviewed the reference lists of pertinent studies. Small case series and isolated case reports are common in this subject area, and we reviewed this literature, particularly for descriptions of novel therapeutic options. Given the emerging nature and heterogeneity of many atypical forms of diabetes, as well as the clinical overlap among them, the quality of the literature is highly variable. We included literature from major research groups that we believed to be of particular relevance to the topic. We placed particular emphasis on larger case series, cohort studies, clinical intervention trials and basic molecular pathophysiology literature, where available. enzymes involved in β cell glucose sensing and metabolism. To date, 11 subtypes have been described, and all are associated with a β cell defect, although the subtypes differ in terms of clinical phenotype and spectrum of associated conditions. 11 The most common forms relate to mutations in the genes encoding HNF1A (also termed MODY 3) and glucokinase (also termed MODY 2). These two subtypes account for about 80% of cases. HNF1A diabetes is the most common, occurring in up to 60% of individuals of European ancestry with monogenic diabetes.
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The estimated minimum prevalence for all diagnoses of MODY in a UK referral population was reportedly 108 cases per million. 12 Regional variation in prevalence for all MODY subtypes is common. 12 However, the prevalence is likely underestimated, with regional variation resulting from differences in referral rates, which in turn reflect extent of awareness, misdiagnosis or variation in access to genetic testing. 12 Further discussion here is limited to HNF1A monogenic diabetes (MODY 3).
The hallmark of monogenic diabetes is autosomal dominant transmission, with high penetrance in families leading to multiple affected generations. Whereas individuals with type 2 diabetes usually have 30%-40% of first-degree relatives similarly affected, monogenic diabetes affects 50% of children born to a mutation carrier, and penetrance is often above 90%, such that three or more generations are usually affected.
HNF1A diabetes is characterized clinically by marked postprandial hyperglycemia, with fasting glucose tolerance relatively preserved early in the disease course. 10 This feature makes early diagnosis solely on the basis of fasting glucose measurements challenging, especially in adolescence or childhood, when fasting glucose values are often normal. A suggestive diagnostic feature of HNF1A diabetes is the large incremental glucose response seen after a standard oral glucose load. More specifically, a glucose increment greater than 3 mmol/L at two hours after ingestion of 75 g oral glucose suggests HNF1A diabetes, especially if the fasting plasma glucose is less than 5.5 mmol/L. This pattern contrasts with glucokinase diabetes, in which the two-hour increment is small (< 3 mmol/L), fasting glucose is invariably above 5.5 mmol/L, and diagnosis is more often based on the results of fasting glucose results rather than two-hour oral glucose tolerance test. 13 Notably, the diagnosis would be missed in as many as 60% of individuals with HNF1A diabetes if glucose tolerance testing were omitted in favour of fasting glucose measurement alone. 13 However, insulin secretion is progressively reduced at all glucose concentrations, and fasting hyperglycemia often develops over time. Therefore, certain suggestive features, as described in Table 2, 3,13-18 should prompt formal genetic testing to establish the diagnosis. Increased insulin sensitivity may explain the lower-than-expected insulin requirements and proclivity to hypoglycemia with low-dose ther apies. 14 
Which diagnostic tests are useful?
Potentially helpful laboratory tests in HNF1A diabetes include a lipid panel, 17 oral glucose tolerance testing, 13 urinalysis for glucose 14 and highsensitivity testing for C-reactive protein, 1 8 although none of these is considered diagnostic. Islet cell antibodies (i.e., antibodies to glutamic acid decarboxylase and/or islet antigen-2) are usually absent in HNF1A diabetes (positive result in < 1% of individuals), which provides reliable discrimination from type 1 diabetes (positive result in > 85%) and latent autoimmune diabetes of adulthood. Therefore, antibody testing should be routinely performed before more
Box 2: Applying the results of this review in clinical practice (fictional case)
A 25-year-old man, at his initial visit with you, explains that he has had diabetes since he was 17 years old. His father and his only brother were also given a diagnosis of diabetes in their late teens. All were initially believed to have type 1 diabetes and were started on insulin as initial therapy at the time of diagnosis. The diagnosis seemed certain, given their young age, lean build and white ethnicity, with no signs of insulin resistance (which would have suggested type 2 diabetes). However, your patient's insulin dose has always been unusually low (< 10 units/d, with no basal insulin needed.) His fasting blood glucose is usually below 6 mmol/L, and he is able to miss insulin doses occasionally, especially if he eats low-carbohydrate meals. He is prone to hypoglycemia when he increases his insulin or when he is exercising. No episodes of diabetic ketoacidosis have been reported.
On physical examination, he appears healthy, lean (body mass index 22) and normotensive; he has no acanthosis nigricans, nor evidence of diabetic retinopathy or neuropathy. His glycated hemoglobin (A1C) is 6.5% (normal for those without diabetes < 5.7%), low-density lipoprotein cholesterol 2.1 mmol/L (target for people with diabetes < 2.6 mmol/L) and high-density lipoprotein (HDL) cholesterol 1.3 mmol/L (target for men > 1 mmol/L). His father has recently stopped all insulin and is now doing well on low-dose glimepiride therapy (1 mg/day). The patient asks, "Do I actually have type 2 diabetes?" He seeks your opinion regarding his diagnosis, prognosis and management.
This young, lean white man has all the features consistent with a diagnosis of hepatocyte nuclear factor 1α (HNF1A) monogenic diabetes: a strong multigenerational history of early-onset diabetes, minimal requirement for insulin, optimal fasting glycemic control, no episodes of diabetic ketoacidosis or signs of insulin resistance, and HDL cholesterol level inconsistent with the usual low levels seen in diabetic dyslipidemia. His father has responded very well to low-dose sulfonylurea therapy, in keeping with the heightened sensitivity to these agents that has been observed in HNF1A diabetes.
In summary, this patient should be told that he has an unusual form of diabetes that is strongly inherited. Genetic testing for the common HNF1A mutations is commercially available and could be offered to confirm the diagnosis. His risk of long-term complications is similar to that of similar patients with type 1 diabetes. He can be switched from insulin to a low-dose oral sulfonylurea drug and should be counselled as to the potential impact of his diagnosis on future family planning.
Review expensive genetic testing. 3 Where available, genetic testing should be used to confirm a specific diagnosis of monogenic diabetes.
What are the benefits and implications of diagnosis?
HNF1A diabetes carries a risk for complications of poor glycemic control similar to that of type 1 diabetes. 19 Despite frequent absence of associated cardiovascular risk factors, cardiovascular morbidity is higher and life expectancy lower than among matched nonaffected family members. 16 However, the β cell defect is often managed successfully for years with insulin secretagogue therapies, such as sulfonylurea or meglitinide drugs. Because of increased insulin sensitivity, individuals may have exquisite sensitivity to the insulin secretagogue drugs. The lowest available dose of a particular sulfonylurea drug is often adequate to treat HNF1A diabetes, especially early in the disease course; however, certain individuals may continue to struggle with hypoglycemia despite careful dose titration. 15, 20 The role of incretin mimetic drugs, such as glucagon-like peptide-1 agonists or the weaker dipeptidyl peptidase-4 inhibitors, has yet to be established, and very few prospective data are available to inform their use. Nateglinide, a short-acting meglitinide-class secretagogue, has been prospectively studied in a small group of patients with HNF1A diabetes; it was associated with effective postprandial glucose control, lower peak insulin concentrations and less hypoglycemia than low-dose sulfonylurea therapy. [21] [22] [23] Metformin and thiazolidinediones are much less effective and do not address the underlying pathophysiologic defect of impaired insulin secretion; as such, they are rarely indicated. 20 Insulin may be required to achieve glycemic control during periods of reduced insulin sensitivity (e.g., pregnancy), in acute illness or when oral secretagogue agents are no longer effective because of the often progressive natural history of HNF1A diabetes. Prandial rapid-acting insulin at small doses may be all that is needed, given the heightened insulin sensitivity and often well-maintained fasting glucose values. In addition, the 50% chance of having an affected child 7 carries implications for family planning and genetic counselling. Table 2 outlines clinical considerations and laboratory findings in HNF1A diabetes.
3,13-18

Ketosis-prone diabetes
Ketosis-prone diabetes is seen in an emerging, heterogeneous group of individuals in whom diabetic ketoacidosis develops without the typical phenotype of type 1 diabetes. However, differentiation of ketosis-prone diabetes from type 1 diabetes in older, obese, nonwhite individuals can be challenging, and the correct diagnosis may be Progressive β-cell failure over time, with increased fasting glucose 13 Note: BMI = body mass index, HDL = high-density lipoprotein, HNF1A = hepatocyte nuclear factor 1α.
discerned only with careful follow-up. Ketoacidosis follows severe β cell dysfunction with marked insulin deficiency. Affected patients often present with an episode of unprovoked diabetic ketoacidosis and are discharged from hospital on insulin therapy. However, in certain individuals, this acute dysfunction is transient and is followed by robust β cell recovery, with complete resolution of exogenous insulin requirement and near normoglycemia. Over periods of months to years, these individuals may "swing" between periods of acute insulin deficiency and subsequent "remission" characterized by milder dysglycemia, with minimal to no need for antihyperglycemic agents. 24 Ketosis-prone diabetes has been variably termed "atypical," "Flatbush," "reversible" or "ketosis-prone type 2 diabetes," which reflects the ongoing difficulty of classifying this heterogeneous group. 24 A useful classification system, designated the AB classification scheme, has been proposed. In this system, individuals are categorized into one of four groups, depending on the presence or absence of islet cell autoantibodies (A+ or A-, respectively) and the presence or absence of β cell functional reserve once the period of acute metabolic decompensation has resolved (B+ or B-, respectively). 24 A+B-and A-B-individuals are distinct subgroups with differing genetic and immunologic underpinnings, but they share the clinical characteristics of type 1 diabetes, including reduced β cell secretory function. In contrast, A+B+ and A-B+ individuals share the features of type 2 diabetes, with preservation of β cell function over time. 25 Patients in the largest of these four groups (A-B+) resemble people with the type 2 diabetes obese phenotype and account for 50% of all those with ketosis-prone diabetes. 25 Unprovoked diabetic ketoacidosis, with absent islet cell antibodies and frequent evolution to insulin independence, is the hallmark of this group. About half of patients will become insulin independent after an early episode of diabetic ketoacidosis, but ultimately 60% will be insulin dependent 10 years after diagnosis. 26 Individuals are often of Afro-Caribbean or Hispanic ancestry, but ketosis-prone diabetes has been described in many ethnic groups worldwide. Male predominance is another hallmark of the group with unprovoked diabetic ketoacidosis. 5 The exact prevalence of ketosis-prone diabetes is unknown, given limited detailed epidemiologic data. However, this form of diabetes is being increasingly reported and recognized around the world. 
Which diagnostic tests are useful?
There are no gold standard diagnostic tests defining ketosis-prone diabetes. Islet cell antibodies and C-peptide levels should be obtained for all patients with suspected atypical phenotypes to evaluate for markers of β cell autoimmunity and β cell secretory reserve. 25, 27 Referral to an endocrinology specialist is often appropriate to aid in establishing the specific cause and for help in formulating an approach to treatment.
What are the benefits and implications of diagnosis?
The main clinical relevance of diagnosing ketosis-prone diabetes is in distinguishing individuals with this form of diabetes from those with type 1 diabetes, who will require lifelong insulin Review therapy. β cell recovery is not easy to predict, given the heterogeneity of this group. However, for individuals with new-onset, unprovoked diabetic ketoacidosis and absent islet cell autoantibodies, the rate of insulin discontinuation is favourable. Of the three specific factors that may predict β cell recovery and insulin discontinuation in this subgroup -new-onset diabetes, onset of diabetes in middle age and significant β cell functional reserve (ratio of C-peptide [nmol/L] to glucose [mmol/L] > 11) -the third is the strongest predictor. 27 If insulin is successfully withdrawn, insulin sensitizers such as metformin and thiazolidinediones are often appropriate first-line agents.
5 Table 3 5, 25, 27 outlines clinical considerations and laboratory findings in ketosis-prone diabetes.
Latent autoimmune diabetes of adulthood
Latent autoimmune diabetes of adulthood is perhaps the least well defined and most confusing form of atypical diabetes. Affected patients generally include adults with phenotypic type 2 diabetes and detectable islet cell antibodies, who present without ketoacidosis or catabolism. In simplified terms, this condition is slowly progressive autoimmune type 1 diabetes that is usually diagnosed at an older age than typical type 1 diabetes. To add further confusion, latent autoimmune diabetes of adulthood has also been called "slowly progressive type 1 diabetes," "latent type 1 diabetes," "double diabetes" and "type 1.5 diabetes." 6 Additionally, there may be significant clinical overlap with ketosis-prone diabetes, which again highlights the imperfect clinical discrimination of current diabetes classification. The American Diabetes Association does not consider this form of diabetes distinct from type 1 diabetes. 1 A somewhat arbitrary and imprecise definition proposed by the Immunology of Diabetes Society (in an effort to facilitate study) lists the following criteria: onset of diabetes at older than 30 years of age, presence of at least one of the four islet cell antibodies common to type 1 diabetes and insulin independence for at least six months after diagnosis. 6 These individuals are typically older and may even present with antibody-positive diabetes in the seventh or eighth decade of life. In fact, recent studies have suggested that autoimmune diabetes presenting in adulthood most commonly presents as latent autoimmune diabetes of adulthood. 28 Hyperglycemia is initially controlled with oral antihyperglycemic therapy, but over months to years patients progress to insulin dependence. 29 Latent autoimmune diabetes of adulthood may well be a truly "intermediate" form of diabetes, as certain genetic features common to both type 1 and type 2 diabetes are present. 30 However, the clinical utility of diagnosing this form of diabetes is highly debated. 31, 32 Which diagnostic tests are useful? As with ketosis-prone diabetes, there are no gold standard diagnostic tests that define latent autoimmune diabetes of adulthood. However, positive markers of β cell autoimmunity are required, and measurement of β cell secretory reserve (i.e., C-peptide) is useful to predict insulin secretory capacity.
What are the benefits and implications of diagnosis?
The controversial clinical entity of latent autoimmune diabetes of adulthood constitutes the most common presentation of autoimmune diabetes in adults. The value of considering this diagnosis lies in recognizing its prevalence in the growing epidemic of type 2 diabetes. In particular, β cell autoimmunity may be found in phenotypic type 2 diabetes. Even if only 10% of cases of phenotypic type 2 diabetes are latent autoimmune diabetes of adulthood, this represents a much larger autoimmune diabetes burden than is represented by confirmed childhood type 1 diabetes. These individuals progress to insulin dependence faster than patients with antibody-negative type 2 diabetes. Thus, insulin treatment may be introduced earlier in the disease course, for the theoretical benefit of correcting glucotoxicity and possibly prolonging β cell reserve. Drugs with potential deleterious effects on β cell function, such as sulfonylureas, are best avoided. 33 
Conclusion
Although the various forms of atypical diabetes are relatively uncommon, it is important that they be accurately diagnosed, as diagnosis may have a substantial impact on the prognosis and management of individual patients and their families. However, for both clinicians and patients, it is often less important to label the specific type of diabetes than it is to understand the pathophysiology of the hyperglycemia to allow effective treatment.
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